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© Diffraction grating array and display having a diffraction grating pattern. 


© A display having a diffraction grating (1) com- 
prises a substrate, a plurality of diffraction grating (1) 
cells formed over a surface of the substrate and 
comprising a diffraction grating element having curve 
portions arranged in a parallel shift relation, and a 
light-shutting unit (3) including light-shutting ele- 
ments having an opening, wherein a length of the 
diffraction grating element in a direction perpendicu- 
^ lar to that shift direction of the curve portions is 
made substantially equal to a length of the opening 
^ of the light-shutting element in the light-shutting unit 
rs (3), the diffraction grating element is repeated at 
least once in a direction perpendicular to the shift 
1*^ direction of the curve portions to provide the above 
CO cell, a length of the cell in the direction perpendicu- 
q lar to the shift direction of the curve portions is made 
substantially equal to a pitch length of the light- 
shutting element in the light-shutting unit (3), and the 
light-shutting unit (3) is arranged on an illumination 
light (2) entry side of the diffraction grating (1 ) or on 


an diffraction light (4) exit side of the diffraction 
grating (1) and has an opening of a given configura- 
tion. 
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The present invention relates to a diffraction 
grating array having minute diffraction gratings 
each arranged over a surface of a substrate for 
each cell and a display having a diffraction grating 
pattern and, in particular, to a diffraction grating 
array and a diffraction grating pattern-equipped dis- 
play which can reproduce a correct image even 
when there arises any positional displacement be- 
tween a light-shutting means and a diffraction grat- 
ing pattern. 

A conventional display has often been used in 
which a plurality of minute cells, each comprised of 
a diffraction grating, are arranged over a surface of 
a substrate to provide a diffraction grating pattern. 
The method for manufacturing a display having this 
type of diffraction grating pattern is disclosed, for 
example, in JPN PAT APPLN KOKAI PUBLICA- 
TION 60-156004. This method comprises varying a 
minute interference fringe by a two-light interfer- 
ence with respect to its pitch, direction and light 
intensity and subjecting photosensitive films to a 
light one after another. 

In recent years, another method has been dis- 
closed in USP 5,058,992 (1991. 10. 22), according 
to which a display is manufactured with a given 
type of diffraction grating pattern formed by a 
plurality of minute cells (diffraction gratings) over 
the surface of a substrate through the movement of 
a substrate-mount X-Y stage under control of a 
computer while using, for example, an electron 
light exposure apparatus. 

The display so manufactured uses, as a type 
of display image pattern having a diffraction grating 
pattern, an image input by an image scanner, etc., 
or a two-dimensional image, etc., formed by the 
computer graphics. 

Since, however, the type of image pattern re- 
presented by the diffraction grating pattern is 
formed on a plane at a diffraction grating-applied 
substrate, only a planar (two-dimensional) type of 
image pattern can be represented so that a solid 
(3-D) image pattern cannot be displayed. 

The technique of USP 5,301 ,062, for example, 
has recently been Proposed by the applicant which 
discloses a display having a diffraction grating pat- 
tern capable of freely representing a solid (3-D) 
image. 

With the display having this type of diffraction 
grating pattern, a diffraction grating constituting a 
cell is comprised of a plurality of groups of iden- 
tical curve portions which are shifted in a parallel 
relation and a light-shutting means is arranged on 
the illumination light entry side or on the illumina- 
tion light exit side of the diffraction grating and has 
an opening of a given configuration. 

With such a display, any given intensity dis- 
tribution of the illumination light is created on the 
diffraction grating array by the light-shutting means 


to determine a display pattern. Or the intensity of 
the diffraction light is modulated, by the diffraction 
grating array, through the light-shutting means to 
provide the intensity distribution of any diffraction 
5 light and, by doing so, to determine a display 
pattern. 

The light-shutting means is intended to means 
a type which not only can render the light on and 
off but also can spatially modulate the light inten- 

70 sity at a given level. As an example of such a 
means, there is a liquid crystal display plate of 
such a type as used for an LC type television. 

Generally, for the case of a cell matrix-like 
space light modulation element, such as an LC 

75 panel, the light modulating opening and size are 
made smaller than the pitch between the opening's 
elements and the respective opening-to-opening 
area is occupied by a non-light-transmissive area. 
In the case where the above space light modulation 

20 element is used as the light-shutting means as set 
out above, one opening of the space light modula- 
tion element is referred as a light-shutting element. 
In the case where the size of the light-shutting 
element is made smaller than the light-shutting 

25 element's pitch, it follows that, in the diffraction 
grating pattern of USP 5,301,062 above, the sizes 
of the light-shutting element and the diffraction 
grating element are made nearly equal and provide 
a one-to-one correspondence as shown, for exam- 

30 pie, in FIG. 5. 

If any positional displacement occurs between 
the light-shutting element and the diffraction grating 
pattern, defects are produced in a diffraction direc- 
tion of the diffraction light as shown, for example, 

35 in FIG. 6, thus failing to reproduce a correct image. 
That is, since the identical gratings are ar- 
ranged in the shift direction (normally, a vertical 
direction) of those curve portions of which the 
diffraction grating is composed, even if any posi- 

40 tional displacement is produced, a correct image is 
reproduced so long as the light-shutting element is 
present in a range of the diffraction grating ele- 
ment. 

However, the gratings of different inclinations 
45 are present in a parallax-produced direction (nor- 
mally a horizontal direction) and, if the light-shut- 
ting element is made smaller in size than the 
diffraction grating element, part of the diffraction 
light is lacking, thus making it difficult to reproduce 
50 a correct image. 

In order to reproduce such a correct image in 
the diffraction grating pattern as shown in FIG. 5, a 
strict positional alignment has to be achieved be- 
tween the light-shutting means and the diffraction 
55 grating. This involves high costs and difficulty is 
encountered in obtaining a large-size unit. 

As already set out above, with the display 
having a conventional diffraction grating pattern, it 
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has been difficult to reproduce a correct image if 
any positional displacement occurs between the 
light-shutting means and the diffraction grating pat- 
tern. 

It is accordingly an object of the present inven- 
tion to provide a diffraction grating array capable of 
reproducing a correct image even when any posi- 
tional displacement is produced between a diffrac- 
tion means and a diffraction grating pattern. 

In order to achieve the above-mentioned object 
of the present invention, there is provided a diffrac- 
tion grating array comprising: 

a substrate; and 

a plurality of diffraction grating cells formed 
over a surface of the substrate and comprising a 
diffraction grating having curve portions arranged in 
a parallel shift relation such that any given curve 
portion does not intersect with those adjacent curve 
portions, wherein 

a length of the diffraction grating element in a 
direction perpendicular to that shift direction of the 
curve portions is made substantially equal to a 
length of an opening of one light-shutting element 
of an associated light-shutting means; 

the diffraction grating element is repeated at 
least once in a direction perpendicular to the shift 
direction of the curve portions to provide the cell; 
and 

a length of the cell in the direction perpendicu- 
lar to the shift direction of the curve portions is 
made substantially equal to a pitch length of the 
light-shutting element in the light-shutting means. 

In order to achieve a further object of the 
present invention, there is provided a display hav- 
ing a diffraction grating, comprising: 

a substrate; 

a plurality of diffraction grating cells formed 
over a surface of the substrate and comprising a 
diffraction grating element having curve portions 
arranged in a parallel shift relation such that any 
given curve portion does not intersect with those 
adjacent curve portions; and 

light-shutting means including light-shutting 
elements having an opening; wherein 

a length of the diffraction grating element in a 
direction perpendicular to that shift direction of the 
curve portions is made substantially equal to a 
length of the opening of the light-shutting element 
in the light-shutting means; 

the diffraction grating element is repeated at 
least once in a direction perpendicular to the shift 
direction of the curve portions to provide the cell; 

a length of the cell in the direction perpendicu- 
lar to the shift direction of the curve portions is 
made substantially equal to a pitch length of the 
light-shutting element in the light-shutting means; 
and 

the light-shutting means is arranged on an illu- 


mination light entry side of the diffraction grating 
and has an opening of a given configuration. 

In order to achieve still further object of the 
present invention, there is provided a display hav- 
5 ing a diffraction grating pattern, comprising: 

a substrate; 

a plurality of diffraction grating cells formed 
over a surface of the substrate and comprising a 
diffraction grating element having curve portions 
to arranged in a parallel shift relation; and 

light-shutting means including light-shutting 
elements having an opening, wherein 

a length of the diffraction grating element in a 
direction perpendicular to that shift direction of the 
75 curve portions is made substantially equal to a 
length of the opening of the light-shutting element 
in the light-shutting means; 

the diffraction grating element is repeated at 
least once in a direction perpendicular to the shift 
20 direction of the curve portions to provide the cell; 

a length of the cell in the direction perpendicu- 
lar to the shift direction of the curve portions is 
made substantially equal to a pitch length of the 
light-shutting element in the light-shutting means; 
25 and 

the light-shutting means is arranged on an dif- 
fraction light exit side of the diffraction grating and 
has an opening of a given configuration. 

With the above-mentioned diffraction grating 

30 array and the display having such a diffraction 
grating pattern, even if any positional displacement 
is produced, in a pitch range of the light-shutting 
element, between the diffraction grating and the 
light-shutting element, the curve portion pattern is 

35 repeated so that those defects resulting from the 
positional displacement are complemented by the 
adjacent curve portion patterns and hence the dif- 
fraction light is complemented to obtain a correct 
reconstruction image. 

to On the other hand, as a light-shutting means 

use may be made of a space light modulation 
element composed of a liquid crystal and it is 
possible to vary a display pattern on the space 
light modulation element, for a short time period, 

45 by means of the space light modulation element so 
that an animation can be obtained as a 3-D (solid) 
image. 

This invention can be more fully understood 
from the following detailed description when taken 
50 in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a diagrammatic view showing a display 
having a diffraction grating pattern according to 
a first embodiment of the present invention; 
55 FIG. 2 is a diagrammatic view showing a diffrac- 
tion grating pattern-equipped display according 
to a second embodiment of the present embodi- 
ment; 
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FIG. 3 is a plan view for explaining the diffrac- 
tion pattern according to the present invention; 
FIG. 4 is a partially expanded view for explaining 
a method for fabricating a diffraction grating in 
the diffraction grating pattern; 
FIG. 5 is a plan view showing one form of a 
conventional display having a diffraction grating 
pattern; and 

FIG. 6 is a diagrammatic view for explaining a 
problem as caused on the conventional display 
having a diffraction grating pattern. 
The concept of the present application will be 
explained below. 

A diffraction grating pattern of the present in- 
vention is of such a type that a diffraction grating 
element is made greater in size than, but equal in 
pitch to a light-shutting element, whereby a correct 
image can be reconstructed even if their positional 
alignment is poor. 

According to the present invention, as shown in 
FIG. 3, use is made of a pattern comprised of a 
curve pattern repeated, at a light-shutting element's 
width, up to a pitch length of the light-shutting 
element in a direction (normally in a horizontal 
direction) in which parallax occurs. 

Even if, in this case, a positional displacement 
occurs between the diffraction grating and the light- 
shutting element in a pitch range of the light- 
shutting elements, those defects resulting from the 
positional, displacement are complemented by ad- 
jacent curve portions of the repeated curve pattern, 
so that a correct reconstruction image can be ob- 
tained. 

The diffraction grating element is formed as 
shown, for example, in FIG. 4. 

That is, first, the diffraction grating is so formed 
that its grating elements each correspond to the 
width of an opening of the light-shutting element. 
The diffraction grating is comprised of a plurality of 
curve portions. The curve portions are so formed 
as to vary from one inclination to another initially 
calculated. That is, the diffraction grating is com- 
prised of a plurality of curve portions arranged in a 
parallel shift positional relation. 

Then a plurality of diffraction grating elements 
corresponding to the width of the opening of the 
light-shutting element are so arranged at the same 
pitch as the width of the light-shutting element in a 
direction perpendicular to the parallel shift direc- 
tion. 

The resultant diffraction grating structure is cut 
at the pitch of the light-shutting element to provide 
a diffraction grating pattern comprised of diffraction 
grating cells. 

A plurality of such diffraction grating cells each 
comprised of diffraction grating elements are ar- 
ranged over a substrate to provide a diffraction 
grating array. 


A light-shutting means having an opening of a 
predetermined configuration is arranged on one 
side of the diffraction grating, that is, on an illu- 
mination light entry side or on a diffraction light exit 
5 side of the diffraction grating, to provide a display 
having a diffraction grating pattern. 

One embodiment of the present invention 
based on the above-mentioned concept will be 
explained below with reference to the accompany- 
w ing drawings. 

Regarding a method (a parallax image inputting 
method) for inputting a plurality of planar images 
upon the formation of a diffraction grating pattern, a 
method for determining the direction and pitch of a 
75 diffraction grating, a cell configuration, etc., USP 
5,301,062 as set out above discloses a similar 
disclosure and any further explanation will be omit- 
ted. 

FIG. 1 is a diagrammatic view showing a prac- 

20 tical form of a display having a diffraction grating 
pattern according to a first embodiment of the 
present invention. 

That is, the display having a diffraction grating 
pattern of the present embodiment is comprised of 

25 a display body having a diffraction pattern with 
each minute diffraction grating 1 arranged, per cell, 
over the surface of a substrate as shown in FIG. 1. 
A light-shutting means 3 is arranged, relative to the 
display body, on an illumination light 2 entry side 

30 of the diffraction grating 1 and has an opening of 
predetermined configuration (a square configuration 
in the present invention). 

On the other hand, the diffraction grating 1 
comprises a plurality of curve portions arranged in 

35 a parallel shift positional relation with each curve 
portion not intersecting with another. The length of 
the diffraction grating 1 in a direction perpendicular 
to that shift direction of the curve portions is made 
substantially equal to the length of the opening of 

40 the light-shutting element of the light-shutting 
means 3. The diffraction grating element is re- 
peated at least once in a direction perpendicular to 
the shift direction the curve portions to provide the 
cell as set out above. Further, the length of the cell 

45 in the direction perpendicular to the shift direction 
of the curve portions is substantially equal to the 
length of the pitch of the light-shutting element of 
the light-shutting means 3. 

As the diffraction grating pattern of the present 

50 embodiment, use is made of a pattern whose curve 
pattern is repeated, at the width of the light-shutting 
element, up to the pitch length of the light-shutting 
element in a parallax-creating direction (normally in 
a horizontal direction) as shown in FIG. 3. 

55 Here, the cell of which the diffraction grating 1 

is comprised is made substantially equal in size to 
the size of the pitch of the light-shutting element. 
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As the light-shutting means 3 use is made of, 
for example, a space light modulation element (for 
example, a liquid crystal panel) and, by doing so, a 
display pattern on the space light modulation ele- 
ment can be varied for a short period of time with 
the use of a liquid-crystal drive device, not shown, 
so that it is possible to obtain an animation as a 
three-dimensional image. 

With the diffraction grating-equipped display of 
the present embodiment so arranged, a light-shut- 
ting means 3 having an opening of a predeter- 
mined configuration is disposed on the illumination 
light entry side of the diffraction grating 1 and the 
diffraction grating 1 is comprised of a plurality of 
curve portions arranged in a parallel shift relation 
with any given curve portion not intersecting with 
adjacent curve portions. Further, the length of the 
diffraction grating 1 in a direction perpendicular to 
the shift direction of the curve portions is made 
substantially equal to the length of the opening of 
the light-shutting element of the light-shutting 
means 3 and the diffraction grating element is 
repeated at least once in a direction perpendicular 
to the shift direction of the curve portions to pro- 
vide the cell as set out above. The length of the 
cell in the direction perpendicular to the shift direc- 
tion of the curve portions is made substantially 
equal to the pitch length of the light-shutting ele- 
ment of the light-shutting means 3. 

That is, use is made of a pattern whose curve 
pattern is repeated, at the width of the light-shutting 
element, up to the pitch length of the light-shutting 
element in a parallax-producing direction (normally 
in a horizontal direction) as shown in FIG. 3. 

As a result, even if there occurs a positional 
displacement between the diffraction grating 1 and 
the light-shutting element in a pitch range of the 
light-shutting element, those defects resulting from 
the positional displacement are complemented by 
the adjacent curve portions, as shown in FIG. 1, 
due to the repeated curve pattern so that a correct 
reproduction image can be obtained due to a resul- 
tant diffraction light being so complemented. 

In other words, it is possible to readily achieve 
positional alignment between the light-shutting 
means 3 and the diffraction grating pattern and 
hence to form the display as a low-cost and large- 
sized unit. 

Viewed in front of the display, the observer can 
observe a display image through his or her 
right/left eye's parallax and hence a solid image 
(three-dimensional image) on the display. 

Further, if the observer shifts his or her visual 
point in the horizontal direction, an image now on 
the display is smoothly varied, thus obtaining a 
"view-around-a-solid-object" effect. It is, therefore, 
possible for the observer to obtain a natural "solid" 
feeling. 


Further, since the diffraction grating is com- 
prised of parallel curve portions, it is also possible 
to provide "horizontally broadening" diffraction 
light. For this reason, an image obtained has no 

5 skip or discontinuity and, the observer, shifting his 
or her visual point in a horizontal direction, can 
observe a color-stable solid image as a better 
reproduction image. 

In the conventional device, a diffraction grating 

w is comprised of parallel straight lines and, for light 
of a given wavelength, a light is obtained, thus 
failing to produce a horizontally broadened light. 
Viewing the display in a distant position while mov- 
ing in a horizontal direction, a display image can 

»5 be viewed in some position but cannot in another 
position (the skipping or discontinuity of an image). 
If a display image cannot be seen from either a 
right or a left eye of the observer, then it is not 
possible to obtain a stereoscopic vision. Any skip- 

20 ping or discontinuity of the image imparts a dis- 
comfort to the viewer. According to the present 
invention, on the other hand, such a discomfort 
problem can be solved. 

Even if the diffraction grating 1 is one kind 

25 only, the light-shutting means 3 only can be re- 
placed with another with a different configuration so 
that a type of image pattern can be varied freely. 

That is, it has been naturally required that, with 
an electronic light drawing device, etc., a different 

30 diffraction grating demand a different type of image 
pattern. According to the present embodiment, on 
the other hand, the same diffraction grating can be 
used irrespective of the type of image pattern 
used, unlike the conventional case just as set out 

35 above. Simply by replacing the light-shutting 
means 3 only, it is possible to freely represent a 
solid (3-D) image. 

To be specific, with the electronic light drawing 
device, etc., the manufacture of a diffraction grating 

40 has taken a lot of time and labor. According to the 
present embodiment, on the other hand, it can be 
much efficiently achieved at low costs for a brief 
period of time. 

It may be added that the display of the present 

45 embodiment is brighter than the "solid" display of 
a hologram, etc., and can provide an image of less 
noise. 

With the display having a diffraction grating 
pattern of the present embodiment, the diffraction 

so grating is made greater in size, but substantially 
equal in pitch to, the light-shutting element and, 
even if positional accuracy is poor between the 
diffraction grating pattern and the light-shutting 
means 3, a correct image can be provided a a 

55 reproduction image. 

By doing so, no high accuracy is required in 
positional alignment between the light-shutting 
means 3 and the diffraction grating pattern. It is, 
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therefore, possible to simply and readily make po- 
sitional alignment and hence to manufacture the 
display of the present embodiment as a large low- 
cost unit. 

A second embodiment of the present embodi- 
ment will be explained below. 

FIG. 2 is a diagrammatic view showing a prac- 
tical form of a diffraction grating pattern-equipped 
display according to a second embodiment of the 
present invention with the same reference numer- 
als employed to designate parts or elements cor- 
responding to those shown in FIG. 1. 

The diffraction grating pattern-equipped display 
of the present embodiment provides a display 
body having a diffraction grating pattern with each 
minute diffraction grating 1 arranged over the sur- 
face of a substrate for each cell. 

Relative to the display body, a light-shutting 
means 3 is arranged on a diffraction light exit side 
of the diffraction grating 1 and has an opening of a 
given configuration (a square configuration in the 
present embodiment). 

The diffraction grating 1 is comprised of curve 
portions formed in a parallel shift positional relation 
with any given curve portion not intersecting with 
adjacent curve portions. The length of the diffrac- 
tion grating 1 in a direction perpendicular to the 
shift positional direction of the curve portions is 
made substantially equal to that of an opening of 
the light-shutting element of the light-shutting 
means 3. The diffraction grating element is re- 
peated at least once in a direction perpendicular to 
the shift direction of the curved portions to provide 
a cell as set out above. The length of the cell in a 
direction perpendicular to the shift direction of the 
curve portions is made substantially equal to the 
pitch length of the light-shutting element of the 
light-shutting means 3. 

That is, as the diffraction grating pattern of the 
present embodiment, use is made of a pattern 
having a curve pattern repeated at the width of the 
light-shutting element up to a pitch length of the 
light-shutting element in a parallax-produced direc- 
tion (normally in a horizontal direction) as shown in 
FIG. 3. 

Here, the cell composed of the diffraction grat- 
ing element is made substantially equal in size to 
the pitch of the light-shutting element. 

The light-shutting means 3, comprised of a 
space light modulation element (ex. a liquid crystal 
display panel) for example, is used so that a dis- 
play pattern on the space light modulation element 
can be varied, for a brief period of time, with the 
use of an LC-drive device not shown. By doing so 
it is possible to obtain an animation as a 3-D 
image. 

With the diffraction grating pattern-equipped 
display of the present invention thus arranged, the 


light-shutting means 3 with an opening of a given 
size is arranged on the illumination light entry side 
of the diffraction grating and the diffraction grating 
element is comprised of a plurality of curve por- 

s tions formed in a parallel shift direction with any 
given curve portion not intersecting with adjacent 
curve portions. Further, the length of the diffraction 
pattern in a direction perpendicular to the shift 
direction of the curve portions is made substantially 

w equal to that of the opening of the light-shutting 
element of the light-shutting means. The diffraction 
grating element is repeated at least once in a 
direction perpendicular to the shift direction of the 
curve portions to provide the cell as set out above. 

75 The length of the cell in a direction perpendicular 
to the shift direction of the curve portions is made 
substantially equal to the pitch length of the light- 
shutting element of the light-shutting means 3. 
That is, use is made of a pattern whose curve 

20 pattern is repeated, at the width of the light-shutting 
element, up to the pitch length of the light-shutting 
element in a parallax-produced direction (normally 
in a horizontal direction) as shown in FIG. 3. 

Even if any positional displacement is pro- 

25 duced between the diffraction grating 1 and the 
light-shutting element in a pitch range of the light 
grating element, those defects resulting from the 
positional displacement are complemented by 
those adjacent curve portions, as shown in FIG. 1 , 

30 due to the curve pattern repeated as set out above 
and hence resulting diffraction light 4 is comple- 
mented to provide a correct image and obtain as a 
reproduced image. 

The present invention is not restricted to the 

35 above-mentioned embodiments and can be re- 
duced to practice in a similar way. 

(a) Although, in the respective embodiment, the 
light-shutting means 3 has been explained as 
using the space light modulation element, it 

40 cannot be restricted thereto. As the light-shutting 
means 3, use can be made of a means using, 
for example, printed ink in which case it is 
placed over the diffraction grating so as to ob- 
tain a light-shutting effect. This method more 

45 simplifies its manufacturing process and it is still 
possible to obtain a 3-D image. In this case, the 
length of an opening of the light-shutting ele- 
ment may be made substantially equal to one 
pitch length as set out above. 

50 Further, through the superimposition of im- 

age patterns by printing, it is possible to obtain 
an effect of the superimposition of a solid image 
and a planar image by printing. 

(b) Although, in the respective embodiments, 
55 explanation has been made in connection with 

obtaining a 3-D image (a solid image), the 
present invention is not restricted thereto and 
can equally be applied to the art of varying an 
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image through the use of parallax. 
A display having a diffraction grating (1) com- 
prises a substrate, a plurality of diffraction grating 
(1) cells formed over a surface of the substrate and 
comprising a diffraction grating element having 5 
curve portions arranged in a parallel shift relation, 
and a light-shutting unit (3) including light-shutting 
elements having an opening, wherein a length of 
the diffraction grating element in a direction per- 
pendicular to that shift direction of the curve por- w 
tions is made substantially equal to a length of the 
opening of the light-shutting element in the light- 
shutting unit (3), the diffraction grating element is 
repeated at least once in a direction perpendicular 
to the shift direction of the curve portions to pro- 75 
vide the above cell, a length of the cell in the 
direction perpendicular to the shift direction of the 
curve portions is made substantially equal to a 
pitch length of the light-shutting element in the 
light-shutting unit (3), and the light-shutting unit (3) 20 
is arranged on an illumination light (2) entry side of 
the diffraction grating (1) or on an diffraction light 
(4) exit side of the diffraction grating (1) and has an 
opening of a given configuration. 

25 

Claims 

1. A diffraction grating array comprising: 

a substrate; and 

a plurality of diffraction grating (1) cells 30 
formed over a surface of the substrate and 
comprising a diffraction grating element having 
curve portions arranged in a parallel shift rela- 
tion, wherein 

a length of the diffraction grating element 35 
in a direction perpendicular to that shift direc- 
tion of the curve portions is made substantially 
equal to a length of an opening of one light- 
shutting element of an associated light-shutting 
means (3); 40 

the diffraction grating element is repeated 
at least once in a direction perpendicular to the 
shift direction of the curve portions to provide 
said cell; and 

a length of the cell in the direction per- 45 
pendicular to the shift direction of the curve 
portions is made substantially equal to a pitch 
length of the light-shutting element in the light- 
shutting means (3). 

50 

2. A display having a diffraction grating, compris- 
ing: 

a substrate; 

a plurality of diffraction grating (1) cells 
formed over a surface of the substrate and 55 
comprising a diffraction grating element having 
curve portions arranged in a parallel shift rela- 
tion; and 


light-shutting means (3) including light- 
shutting elements having an opening; wherein 

a length of the diffraction grating element 
in a direction perpendicular to that shift direc- 
tion of the curve portions is made substantially 
equal to a length of the opening of the light- 
shutting element in the light-shutting means 
(3); 

the diffraction grating element is repeated 
at least once in a direction perpendicular to the 
shift direction of the curve portions to provide 
said cell; 

a length of the cell in the direction per- 
pendicular to the shift direction of the curve 
portions is made substantially equal to a pitch 
length of the light-shutting element in the light- 
shutting means (3); and 

the light-shutting means (3) is arranged on 
an illumination light (2) entry side of the dif- 
fraction grating (1) and has an opening of a 
given configuration. 

3. A display having a diffraction grating pattern, 
comprising: 

a substrate; 

a plurality of diffraction grating (1) cells 
formed over a surface of the substrate and 
comprising a diffraction grating element having 
curve portions arranged in a parallel shift rela- 
tion; and 

light-shutting means (3) including light- 
shutting elements having an opening, wherein 

a length of the diffraction grating element 
in a direction perpendicular to that shift direc- 
tion of the curve portions is made substantially 
equal to a length of the opening of the light- 
shutting element in the light-shutting means 
(3); 

the diffraction grating element is repeated 
at least once in a direction perpendicular to the 
shift direction of the curve portions to provide 
said cell; 

a length of the cell in the direction per- 
pendicular to the shift direction of the curve 
portions is made substantially equal to a pitch 
length of the light-shutting element in the light- 
shutting means (3); and 

the light-shutting means (3) is arranged on 
an diffraction light (4) exit side of the diffraction 
grating (1) and has an opening of a given 
configuration. 

4. The display according to claim 2, character- 
ized in that said light-shutting means (3) uses 
a space light modulation element. 

5. The display according to claim 3, character- 
ized in that said light-shutting means (3) uses 
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a space light modulation element. 

6. The display according to claim 2, character- 
ized in that said light-shutting means (3) uses 
printed ink. 5 

7. The display according to claim 3, character- 
ized in that said light-shutting means (3) uses 
printed ink. 

70 

8. The display according to claim 4, character- 
ized in that space light modulation element is 
comprised of a liquid crystal. 

9. The display according to claim 5, character- 75 
ized in that said space light modulation ele- 
ment is comprised of a liquid crystal. 
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